The theory of surface-enhanced second-harmonic generation at a metallic grating is developed. Using the form of the nonlinear source polarization given by Bloembergen et al. [Phys. Rev. 174, 813 (1968)], we solve Maxwell's equations to obtain the fields at the second-harmonic frequency. The calculations are done up to second order in the surface-roughness parameter. These perturbation expressions are used to evaluate numerically the second-harmonic intensity, in various directions, produced by a plane wave incident on a metallic grating. The resonant enhancement in the second-harmonic intensity due to surface-plasmon excitation at fundamental frequency u is discussed and the results compared with some recent experimental observations. The second-harmonic fields are also shown to get enhancement due to excitation of surface plasmons at 2', ' these, however, correspond to local-field enhancements at 2' and are evanescent in nature.
I. INTRODUCTION
The optical second-harmonic generation (SHG) at a metal surface' and the nonlinear interaction of prism-coupled optical surface waves excited on a plane metallic surface have been studied for a long time. With the experimental observation of the enhanced Raman cross sections for molecules adsorbed on a rough metal surface like Ag, there has been a revival of interest in investigating such enhancements for other processes in general, and SHG in particular.
In the processes involving only the metal, such an enhancement is due to the resonant excitation of surface-plasmon polaritons (SPP) in the metal substrate ' and the consequent field enhancement at the appropriate frequency. Chen V. E(r,co)=~Vf~&(f)(n E' ' -n E'+')f=o. 
where (+~-) implies the terms with all g~-g. The magnetic field boundary condition (2.22) leads to even more complicated equations:
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. We will now study the behavior of the quantity Io ' as a function of incident angle in the region of the angles for which surface-plasmon -polariton excitation is possible. The second-order fields are to be obtained from (3.11) and (3.14) and the results of Appendixes A and B. This involves considerable algebra and we quote only the final result, which is quite complex: gAR+(2Kp+g) (l) gK»A+ (l) gAR+K"(l)
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W+ 8'T, 5'T+p is shown in Fig. 3 for the range of incident angles at which surface-plasmon polaritons can be excited' (cf. insets in Fig. 1 
